Abstract -Facile syntheses of 2-, 3,-and 8-(2-benzimidazolyl)-1-azaazulenes (2a-c, 5, 7, 9) and 2-, 3-, and 8-(2-benzothiazolyl)-1-azaazulenes (13b-c, 16, 17, 18) were achieved by the condensation of corresponding 1-azaaazulenecarbaldehydes with o-phenylenediamine and 2-aminothiophenol in alcoholic solvents at rt or under reflux under airobic conditions. Reaction of 1-azaazulenecarbaldehyds with 2-aminophenol gave Schiff's bases (10a-c, 11, 12). Reaction of 2-chloro-1-azaazulene-3-carbaldehyde (1a) with 2-aminothiophenol in refluxing 1-BuOH gave benzothiazapine-fused 1-azaazulene (20). Reaction of 4-amino-3-mercapto-4H-1,2,4-triazoles (21a-d) with in refluxing 1-BuOH gave triazolothiadizapine-fused 1-azaazulene (22a-d).
INTRODUCTION
Benzazoles such as benzimidazoles, benzothiazoles, and benzoxazoles, are important subunits for the development of functional molecules of pharmaceutical and biological interest. Substituted benzothiazoles and benzimidazoles have found application in a wide range of therapeutic areas such as antiulcers, anticancers, antihistamics, antifungals, and antivirals to name a few. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The chemistry of azaazulenes 11 is of interest for their physiological properties 12, 13 as well as physical and chemical properties. Therefore, it is expected that benzazolyl-1-azaazulenes have potential bioactivities.
Numerical methods for the synthesis of benzazols are reported. We previously reported that 2-chloro-1-azaazulene-3-carboaldehyde reacted with o-phenylenediamine to give 3-(benzimidazol-2-yl)-2-chloro-1-azaazulene. 14 Therefore, we expand the investigation about the syntheses of benzazolyl-1-azaazulenes by condensation reaction of formyl-1-azaazulenes with o-phenylenediamine, 2-aminophenol, and 2-aminothiophenol.
RESULTS AND DISCUSSION

Synthesis of (benzimidazol-2-yl)-and (benzothiazol-2-yl) -1-azaazulenes
Under open air conditions, the reaction of 2-chloro-1-azaazulene-3-carbaldehyde (1a) with o-phenylenediamine in EtOH for 48 h at rt underwent to give 2a in 78% yield along with recovered (1a :
15%). In the reaction, the intermediate imine (3a) was not observed. Reactivity of 1b was slightly low than that of 1a, and heating under reflux of 1b with o-phenylenediamine in EtOH for 37 h gave 2b in 59% yield along with a trace amount of 1b, and 3b was not obtained. Reactivity of 1c was moreover low, and when 1c was treated with o-phenylenediamine in EtOH for 44 h at rt to give the imine derivative 
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conjugated with carbonyl at C3, would affect the reactivity. Similar treatment of 3-bromo-1-azaazulene-2-carbaldehyde (6) and 1-azaazulene-8-carbaldehyde (8a)
with o-phenylenediamine in EtOH at rt gave 7 and 9 in 40% and 38% yields, respectively. In these reactions, 6 and 8 were not recovered because of their lability.
The structures of obtained compounds were determined by spectroscopic data as well as elemental analyses as shown in EXPERIMENTAL. The imine (3c) was decided by X-Ray structure analysis and its ORTEP drawing 15 is shown in Figure 1 . Figure 1 . ORTEP drawing with thermal ellipsoids (50% probability) of 3c.
Next, we examined the reaction of 1-azaazulene-3-carbaldehydes (1a-1c) with 2-aminophenol. When 1a was treated with 2-aminophenol in refluxing EtOH for 15 min, 10a precipitated as orange crystals in 60% yield. When the heating was continued, the precipitates were dissolved and after heating of the mixture for 15 h, compound (11) was obtained in 37% yield. When the reaction was carried out at 50 °C for 40 min, 10a was obtained in 80% yield. Similarly, treatment of 1b with 2-aminophenol in It is known that the reaction under presence of oxidizing reagents facilitates the cyclization to benzimidazoles and benzoxazoles. [16] [17] [18] Therefore, we performed the reaction of 1b with 2-aminophenol in the presence of DDQ in EtOH under reflux for 24h. In the reaction, a new spot was seen on the TLC, but after work-up, 1b (69 %) was recovered with a trace amount of 2b, and benzoxazole derivative was not obtained. It seems that 1b formed CT-complex with DDQ, and the reaction underwent scarcely.
Then, we treated 1c with 2-aminophenol under reflux for 48 h in the presence of I 2 , but a complex mixture was produced and the benzoxazole derivative was not obtained again.
Next, we examined the synthesis of benzothiazole derivatives. It expected that high nucleophilicity of S-atom would facilitate the attack to imine moiety. Indeed, the reaction of 1b with 2-aminothiophenol in EtOH under reflux for 4.5 h underwent and 13b was obtained in 66% yield. Similar treatment of 4, 6, and 8b with 2-aminothiophenol gave 16 (53%), 17 (32%), and 18b (54%), respectively.
Interestingly, when 1c was treated with 2-aminothiophenol in EtOH under reflux, the reaction was not proceeded. But when of 1c was treated with 2-aminothiophenol in 1-BuOH under reflux for 190 h, 13c
(36%) and 2-amino-1-azaazulene (14: 59%) were obtained. In the reaction, benzothiazole was detected.
Plausible reaction mechanism is shown in Scheme 1. At first, the imine (A) would be produced, and a successive cyclization affords B. Auto oxidation of B furnishes 13c (path a), and elimination of benzothiazole from B gave 14 (path b). 
14
Above consideration suggested that the use of oxidation reagent would improve the reaction. Therefore, Table 1 . In several cases (denoted >), the minimum inhibitory concentration could not be determined due to limited solubility of the compounds in the testing medium. The data revealed that compounds (2a) showed moderate activity against HeLa S3 cells, and others would be inactive (IC 50 > 30 µM). 
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EXPERIMENTAL
Mps are measured using a Yanagimoto micro-melting apparatus and uncorrected. 1 H NMR spectra (including HH-COSY and CH-COSY NMR)) were recorded on a Bruker AVANCE 400S (400 MHz) and 13 C NMR spectra were recorded on a Bruker AVANCE 400S (100.6 MHz) using DMSO-d 6 as a solvent with TMS as an internal standard unless otherwise stated; J values are recorded in Hz. IR spectra were recorded for KBr pellets on a Nicolet FT-IR Avatar 370DTGS. Electronic spectra were recorded with Shimadzu UV-1600PC spectrophotometer using EtOH as a solvent. Elemental analyses were taken with a Perkin Elmer 2400II. Kieselgel 60 was used for column chromatography and Kieselgel 60G was used for thin-layer chromatography.
Reactions of 2-chloro-1-azaazulene-3-carbaldehyde (1a) with o-phenylenediamine
A mixture of 1a (0.071 g, 0.37 mmol) and o-phenylenediamine (0.042 g, 0.39 mmol) in EtOH (20 mL) was stirred for 48 h at rt. The solvent was evaporated, and the chromatography of the residue with hexane-AcOEt gave 2a (0.081 g, 78%) and recovered (1a) (0.011 g, 15%). 
Reactions of 2-ethoxy-1-azaazulene-3-carbaldehyde (1b) with o-phenylenediamine
A mixture of 1b (0.061 g, 0.31 mmol) and o-phenylenediamine (0.034 g, 0.32 mmol) in EtOH (20 mL)
was heated under reflux for 37 h. The solvent was evaporated, and the chromatography of the residue with hexane-AcOEt gave 2b (0.052 g, 59%). 
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Reactions of 2-oxo-1,2-dihydro-1-azaazulene-3-carbaldehyde (4) with o-phenylenediamine
A mixture of 4 (0.0526 g, 0.30 mmol) and o-phenylenediamine (0.0339 g, 0.31 mmol) in EtOH (10 mL)
was heated under reflux for 20 h. The solvent was evaporated, and the chromatography of the residue with hexane-AcOEt gave 3-(2-benzimidazoyl)-1-azaazulen-2(1H)-one (5) (0.0345 g, 43%). 
5:
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Reactions of 3-bromo-1-azaazulene-2-carbaldehyde (6) with o-phenylenediamine A mixture of 6 (0.0425 g, 0.18 mmol) and o-phenylenediamine (0.0233 g, 0.22 mmol) in EtOH (10 mL) was stirred for 15 h at rt. The solvent was evaporated, and the chromatography of the residue with hexane-AcOEt gave 2-(benzimidazol-2-yl)-3-bromo-1-azaazulene (7) (0.0233 g, 40%). 
Reactions of 2-ethoxy-1-azaazulene-3-carbaldehyde (1b) with 2-aminophenol
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residue was chromatographed with hexane-AcOEt to give 10c (0.0273g, 36%) and recovered 1b (trace). 
Reactions of 2-ethoxy-1-azaazulene-3-carbaldehyde (1b) with 2-aminothiophenol
A mixture of 1b (0.0816 g, 0.41 mmol) and 2-aminothiophenol (0.0538 g, 0.43 mmol) in EtOH (10 mL) was heated under reflux for 4.5 h. The mixture was evaporated, and the chromatography of the residue with hexane-AcOEt gave 3-(benzothiazol-2-yl)-2-ethoxy-1-azaazulene (13b) (0.0823 g, 66%). 
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Reaction of ethyl 2-ethoxy-8-formyl-1-azaazulene-3-carboxylate (8b) with 2-aminothiophenol
A mixture of 8b (0.0329 g, 0.12 mmol) and 2-aminothiophenol (0.0229 g, 0.18 mmol) in EtOH (10 mL) was stirred for 15 min at rt. The solvent was evaporated, and the chromatography of the residue with hexane-AcOEt gave ethyl 8-(2-benzothiazolyl)-1-azaazulene-3-carboxylate (18) (0.0244 g, 54%). In a similar manner, reactions of 1a with 21b, 21c, and 21d gave 22b, 22c and 22d in 67%, 33%, and 43%, respectively. 
18:
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Biological assay
HeLa S3 cells were obtained from AIST and used after cultivation. The cultivated HeLa S3 cells were cell counted and the culture fluid was prepared to the cell consistency of 2 ☓ 10 4 clles/mL. The compounds added to the medium in DMSO solutions. To the aliquot of the culture fluid, which was incubated for 3 h at 37 °C, the test sample was added and then the culture fluid was incubated for 72 h. 
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dissolved by plate-mixing and OD540 was measured. The rate of outlive determined to refer with un-dosed control. Dose-response curve was drawn up and IC 50 was pursued. Every experiment in the cycotoxic assay was replicated twice in order to define the IC values.
